Abstract We present the results of an intensive sampling program carried out from 2000 to 2007 along both coasts of Costa Rica, Central America. The presence of 44 species of benthic marine algae is reported for the first time for Costa Rica. Most of the new records are Rhodophyta (27 spp.), followed by Chlorophyta (15 spp.), and Heterokontophyta, Phaeophycea (2 spp.). Overall, the currently known marine flora of Costa Rica is comprised of 446 benthic marine algae and 24 Cyanobacteria. This species number is an under estimation, and will increase when species of benthic marine algae from taxonomic groups where only limited information is available (e.g., microfilamentous benthic marine algae, Cyanobacteria) are included. The Caribbean coast harbors considerably more benthic marine algae (318 spp.) than the Pacific coast (190 spp.); such a trend has been observed in all neighboring countries. Compared to other Central American countries, Costa Rica has the highest number of reported benthic marine algae; however, Panama may have a similarly high diversity after unpublished results from a Rhodophyta survey (Wysor, unpublished) are included. Sixty-two species have been found along both the Pacific and Caribbean coasts of Costa Rica; we discuss this result in relation to the emergence of the Central American Isthmus.
Introduction
The marine benthic flora plays an important role in the marine environment. It forms the basis of many marine food chains and harbors an impressive variety of organisms. Fish, decapods and mollusks are among the most prominent species associated with the marine flora, which serves these animals as a refuge and for alimentation (Hay 1981; Fletcher 1987; Littler and Littler 1988; Ruitton et al. 2000) . Despite their ecological importance, our knowledge about the taxonomic diversity of the marine benthic flora in Central America is far from complete. Apart from the basic works of Taylor (1945 Taylor ( , 1960 and Dawson (1960) on the marina flora of Central America and adjacent regions, several publications provide annotated species lists for marine algae from Panama (Earle 1972; Wysor and De Clerck 2003; Wysor and Kooistra 2003; Wysor 2004) , Belize (Norris and Bucher 1982; Littler et al. 1995 Littler and Littler 1997) , Guatemala (Bird and McIntosh 1979) , Nicaragua (Dawson 1962; Phillips et al. 1982) , El Salvador (Dawson 1961) , and Honduras (Ogden 1998) . However, most of these studies concern the Caribbean coast of Central America, while information on the diversity of the benthic marine flora remains scarce for the eastern tropical Pacific coast of the region (Dawson 1957 (Dawson , 1960 Wysor 2004) . Soto (1983) summarized the prior phycological studies carried out in Costa Rica. Subsequently, Bernecker (2008) Communicated by H.-D. Franke.
A. Bernecker Escuela de Biología, and Centro de Investigaciones en Ciencias del Mar y Limnología (CIMAR), Universidad de Costa Rica, 2060 San Pedro, San José, Costa Rica e-mail: aberneck@biologia.ucr.ac.cr provided an extensive overview of available publications and the species of benthic macroalgae and Cyanobacteria from both coasts of Costa Rica that have been reported. According to her publication, which is based exclusively on data obtained from the literature and AlgaeBase (Guiry and Guiry 2008) , a total of 396 species of benthic marine algae, and 24 species of Cyanobacteria have been reported from Costa Rica. Two hundred and eighty-seven species of algae and ten species of Cyanobacteria are from the Caribbean, and 156 species of algae and 19 species of Cyanobacteria are from the Pacific. Forty-seven species of algae and five species of Cyanobacteria occur on both the Caribbean and the Pacific coast. Additionally to those species listed in Bernecker (2008) , one species [Dermatolithon saxicola (M. Lemoine) Setchell & L.R. Mason] has been previously mentioned by Setchell and Mason (1943) . Two other species, already known from the Caribbean coast, have been recently reported also from the Pacific coast of Costa Rica (Caulerpa sertularioides (S.G. Gmelin) M. Howe; Fernández and Cortés (2005) , and from Cocos Island (Dictyopteris delicatula J.V. Lamouroux; Fernández 2008) . A list of new records from Cocos Island (Fernández 2008) include five species of Chlorophyta new to Costa Rica: Ulva intestinalis Linnaeus, Cladophora panamensis W.R. Taylor, Codium picturatum F. F. Pedroche et P. C. Silva, Caulerpa serrulata (Forsskål) J. Agardh), and Parvocaulis parvulus (Solms-Laubach) S. Berger, U. Fettweiss, S. Gleissberg, L. B. Liddle, U. Richter, H. Sawitsky & G.C. Zuccarello (cited as its synonym Acetabularia parvula Solms-Laubach).
Between the years 2000 and 2007, intensive field work along both coasts of Costa Rica was carried out to enhance our knowledge about the diversity of the marine flora in Costa Rica. As a result of this effort, we present here new records of algae and Cyanobacteria, and discuss the species diversity of Costa Rica in comparison with that of neighboring Central American countries.
Methods
The present update is based upon collections carried out principally by the first author during the years 2000 and 2007. Sampling included both coasts and all months. During the field trips, all major habitats (sandy beach, stones on beaches, rocks, dead and living coral reefs, intertidal, subtidal down to 20 m) were examined. Algae collected by colleagues and donated to the Herbarium of the Universidad de Costa Rica were also studied. Sampling was done by means of Scuba-diving, snorkeling and wading, and covered coastal areas up to a depth of 30 m. Specimens were obtained from both coasts of Costa Rica, and although the material was collected along the entire coasts, the main sampling location on the Caribbean coast was Cahuita, and along the Pacific coast were Bahía Salinas, Samara and Caño Island (Fig. 1 ). Samples were preserved in a mixture of 3% buffered formalin/seawater, and subsequently, the specimens were pressed and air-dried on herbarium sheets for archiving. When specimens were fertile, a subsample with reproductive structures was preserved in 70% ethanol for future morphological study. All samples and subsamples of the collected material have been deposited in the Herbarium (USJ) of the Universidad de Costa Rica. Dawson (1957 Dawson ( , 1960 and Taylor (1945) were principally used for the identification of Pacific species. Caribbean species were mainly identified using and Taylor (1960) . Moreover, original descriptions were consulted when ever possible. Additional information about the species, especially type localities, was obtained from AlgaeBase (Guiry and Guiry 2008 ) and the Index Nominum Algarum (2008) .
Results
Overall, a total of 44 benthic marine algae species (15 Chlorophyta, 2 Heterokontophyta, Phaeophyceae, and 27 Rhodophyta) are reported for the first time from Costa Rica (Table 1) . These 44 species represent 34 genera, including eight new for Costa Rica (Heterokontophyta, Phaeophyceae: Canistrocarpus; Rhodophyta: Trichogloea, Dichotomaria, Kallymenia, Ethelia, Polystrata, Seirospora, Thuretia). A total of 25 algal species (7 Clorophyta; 4 Heterokontophyta, Phaeophyceae; 14 Rhodophyta) are newly reported from the Pacific mainland; however, nine of these have been found previously along the Caribbean coast (Chlorophyta: Caulerpa racemosa; Heterokontophyta, Phaeophyceae: Hincksia mitchelliae, Rosenvingea intricata, Sphacelaria tribuloides, Spatoglossum sp.; Rhodophyta: Porphyra sp.; Galaxuara rugosa, Tricleocarpa cylindrical, Laurencia sp.) or from Cocos Island (Fernández 2008 : Chlorophyta: Caulerpa racemosa; Rosenvingea intricata as R. intrincata). Thirty-one benthic marine algae (10 Chlorophyta; 2 Phaeophycea; 19 Rhodophyta) and one species of Cyanobacteria are reported for the first time from the Caribbean. Two of these, Boodlea composita (Chlorophyta), and Lyngbya confervoides (Cyanobacteria) have been previously reported from the Pacific coast (Dawson 1957) . Bryopsis pennata without varietal specification was found for the first time on both the Pacific and the Caribbean coasts, but does not represent a new species record for Costa Rica because a variety, Bryopsis pennata var. leprieurii (Kützing) Collins & Hervey has been previously reported (Dawson 1957; Bernecker 2008) . Additionally, two species (Ulva flexuosa and Boodleopsis verticillata), formerly known from Costa Rica mainland (Dawson 1957 (Dawson , 1962 Kemperman and Stegenga 1986; Soto and Ballantine 1986; Tejada Rivas 2002; Bernecker 2008) , were identified in a small collection from Cocos Island.
The following list is divided into species from the Caribbean, the Pacific mainland, and reports for Cocos Island (Pacific). Each section is organized according to the classification system used by AlgaeBase (Guiry and Guiry 2008 Comments: According to Guiry and Guiry (2008) , N. fosliei is a synonym of N. brassica-florida. Nevertheless, we prefer to follow Mateo-Cid and Pedroche (2004) Comments: already known from the Caribbean coast (Dawson 1962; Bernecker 2008 (Dawson 1957 (Dawson , 1962 Kemperman and Stegenga 1986; Soto and Ballantine 1986; Bernecker 2008 Comments: species already known from Pacific mainland (Tejada Rivas 2002; Bernecker 2008) .
Discussion
Here we report the presence of 42 additional benthic marine algae for the continental coasts of Costa Rica, and two new species for Cocos Island. Including the recently published reports of species from Cocos Island (Fernández 2008) as well as one previously report by Setchell and Mason (1943) , the total number of species increases to 446. This represents an increase of 12.6% over the number (396 spp.) published by Bernecker (2008) , who based her analyses exclusively on reports in the literature. When analyzing the different taxonomic groups of these algae (Table 2) , the findings of our survey resulted in a considerable increase in the number of Chlorophyta species (23.8%; from 84 to 104 spp.), followed by Rhodophyta (10.8%; from 260 to 288 spp.), and Heterokontophyta, Phaeophyceae (3.8%; from 52 to 54 spp., including one species of Xanthophyceae). However, our additional records did not change the proportion of these groups when comparing their species number: the most specious group is Rhodophyta, followed by Chlorophyta and Phaeophyceae. Such a pattern can be found in all Central American countries (Table 2) , and is typical for tropical zones (Strasburger et al. 1997) . Considerably more benthic marine algae species have been reported from the Caribbean coast of Costa Rica (318 spp.) when compared to the Pacific coast (190 spp.) ( Table 2 ). This tendency is corroborated by our findings: we collected more new species along the Caribbean shore (Table 1) than at the Pacific side of Costa Rica (31 vs. 25 spp., respectively).
A recent assessment of the marine biodiversity of Costa Rica (Wehrtmann and Cortés 2008) revealed that species numbers are generally substantially higher along the Pacific coast when compared to the Caribbean side (Wehrtmann et al. 2008) . One of the few exceptions is the benthic marine algae, which are clearly more diverse along the Caribbean coast ( Table 2 ). The same situation occurs in all Central American countries where data are available for both coasts ( Table 2) . The following two factors may contribute to such an unequal distribution of species diversity: (1) wide daily (tidepool heating) as well as seasonal (coastal upwelling) temperature fluctuations; (2) stressful physical conditions at the Pacific coast where there is an extreme tidal range, which allows the access of herbivores to the intertidal zone (Wysor 2004 and references cited therein). Typical indicators for stressful environments are algal turfs (Wysor 2004) , which are very common along the Pacific coast. Moreover, unlike to the Pacific coast, the Caribbean provides more uniform and therefore more adequate conditions for settlement and growth of benthic marine algae (for references see Wysor 2004) .
Compared to other countries in the region (Table 2) , Costa Rica harbors substantially more species of benthic marine algae than any other country in Central America. Probably the two best-studied Central American marine floras are Panama and Costa Rica (for references, see ''Introduction''). In both countries, there are strikingly similar numbers of Chlorophyta and Phaeophyceae species, but a substantial difference in total species numbers between these two countries is caused by the considerably higher number of Rhodophyta species reported for Costa Rica (288 vs. 103 spp.). Recent published studies on marine algae in Panama have been focused more on green and brown algae (Wysor and De Clerck 2003; Wysor and Kooistra 2003; Wysor 2004 ). According to Wysor (personal communication 2007) , Rhodophyta have been collected in Panama as well; however, these results have not been published yet. It is expected that the number of red algae species reported from Panama will increase considerably, which may result in a similar overall number of benthic marine algae in both countries. So far, 62 species of benthic marine algae have been documented from both coasts of Costa Rica (Table 2 ). This number is substantially higher than that reported for amphiisthmian species from Panama (Wysor 2004: 15 spp.) . According to Wehrtmann et al. (2008) , 288 species of different groups of organisms have been found on both coasts of Costa Rica; thus, marine algae represent a considerable portion (roughly 22%) of these amphi-isthmian species. In this context, it is interesting that the number of amphi-isthmian benthic marine algae seems to greatly exceed the number of amphi-isthmian species from other groups of organisms, such as invertebrates and fishes (see Wysor 2004 ). This raises the question if this tendency is simply the result of inadequate algal taxonomy and a lack of information regarding current algal diversity along both coasts of Central America, or if this discrepancy is an indicator of reduced speciation in seaweeds. Further studies focusing on molecular genetic analyses of these species may help to clarify these questions, and may also reveal the presence of transisthmian sister species as documented for other groups of organisms (Weinberg and Starczak 1989; Knowlton and Weigt 1998; Knowlton et al. 1993; Wehrtmann and Albornoz 2002) .
Considering the substantial effort to collect and document the diversity of the flora of benthic marine algae along both coasts of Costa Rica, we assume that the current number of reported species (446 spp.) is only fairly representative for the diversity of these organisms in Costa Rica, and is still an under estimation. However, our information about the diversity of marine benthic microfilamentous algae and Cyanobacteria in Costa Rica is far from complete, which may be related to the fact that the identification of most of these organisms requires culture studies and, preferably also the application of molecular-genetic techniques (e.g., O'Kelly et al. 2004) . A detailed taxonomic analysis of these microfilamentous algae as well as of other diminutivesized species (e.g., Verbruggen et al. 2007 ) will result in higher species numbers for Costa Rica and the region.
